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Heat Load & Water FlowHeat Load & Water Flow

Assuming 5 watt (J/sec) max heat production per APD module and 
ignoring any heat pickup from outside module structure:

mass/second = (Q/sec) / (spec heat x delta T)

= ( 5 J/sec) / (4.186 x 1)

= 1.19 gram/sec = 1.19 cc/sec

Experiments at Indiana indicate that about 2 cc/sec is the real-world number.

2 cc = 0.002 L/sec x( 0.2642 L/gal) = 5.28 e - 4 gal/sec 

= 0.0317 GPM (gal/minute) per APD module



Cooling System Zones & DimensionsCooling System Zones & Dimensions

3 primary cooling zones along the length of the 
detector supplied by chilled water at 48 degF
(8.9 degC)  supplied by FESS.

12 rows 
of detectors
each face

Top: 
1 APD cooling 
loop per row, per zone,
12 rows x 3 zones = 36 loops

Manifold loop

Sides:
1  loop per 2 rows = 6 loops per side
2 sides x 3 zones = 36 loops

Total cooling loops = 72
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Top Cooling Loop OverviewTop Cooling Loop Overview
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32 APD modules on detector top
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Side Cooling Loop OverviewSide Cooling Loop Overview
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Each manifold section serves:
15-16 APD modules on detector sides
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NOVA Cooling Manifold SectionNOVA Cooling Manifold Section

2 versions needed

32 hoses detector top

16 hoses on sides

Serves detector section

2 blocks, or 62 planes in length

~1” ID pipe

, ~12 ft long

Ball Valve

Union or other flush coupling

1/4” hoses with valved

disconnect



Pressure drops estimated with schedule 80 PVC, using calculator found at:
http://www.irrigationtutorials.com/formulas.htm#sec8

Est. Loop Flow & Pressure Est. Loop Flow & Pressure Reservoir

HEAT
EXCH
Lytron
LL520PUMP

APD APDAPD
8.1GPM

Run of 8 manifold sections ~108 Ft x 1 inch dia, 

9.1 PSI

For one row of 256 APD modules on detector top, 
8 double blocks long.  Total flow = 8.1 GPM

3.6 PSI 2.2 PSI

Return line 1 in dia

Manifold delta P’s same direction and ~ equal

Grundfos 1/6 hp
UPS 26-99FC/FRC
@ 8.1 GPM
L      5.2 PSI
M     8.5 PSI
H   10.8 PSI

Primary
Chill
Water

(3.5 PSI)

5.6 PSI 4.2 PSI(1.4PSI) along manifolds)

(3 PSI)

3.77 ft/sec

3.6 ft/sec

0.015 ft/sec

Flow & pressures estimated using 2mL/sec(0.0317 GPM) APD flow figure

(2 PSI across APD)



Manifold Transit Time
without end bypass

Manifold Transit Time
without end bypass

0 108

Reciprocal

Velocity sec/ft

1 / 0.015 ft/sec
= 66.6 sec/ft

1 /  3.77 ft/sec
= 0.265 sec/ft

Distance in feet

Est. Transit time = [108(66.6-0.265)] / 2 + 108(0.265)
= 3582 + 28.6 = 3610.6 sec
= 60.2 minutes!!

Transit Time



Why Heat Exchangers?Why Heat Exchangers?



Single Loop Heat CalculationsSingle Loop Heat Calculations

5w  per APD module x 256 units                 = 1280w
Assume (guess) heat pickup in pipes, etc = 1280w

Total = 2560w

Loop delta T = Q(watts) / [263 x Flow(GPM)]
= 2560w / [263 x 8.1 GPM]

= 1.2 degC

ITD = initial temp difference of fluids entering heat exchanger
= (APD water + del T) - FESS chilled water

= (15 degC + 1.2deg C) - 8.9 degC = 7.3 deg C

Q / ITD for this flow & load = 2560w / 7.3 degC = 350

Compared to high limit value, 900, from Lytron chart for this flow rate,
350 is much lower, so this is well within capacity of LL520



Component VolumesComponent Volumes

Pipes:

Using schedule 80 PVC pipe, nominal 1” dia, 
Actual I.D. = 0.936 in, O.D. = 1.315 in
Pipe Volume = 8.26 in3 per  linear foot

Hoses & APD:

Using 0.25 in I.D. tubing, tube volume = 0.59 in3 per linear foot
Assuming 3 ft per APD module, tube volume = 1.77 in3 per APD
Assume 1 in3 interior volume per APD module,
Total volume of 1 APD module & hoses = 2.8 in3

Pump Unit:

4” dia x 12” reservoir 150
LL520 heat exchanger 28
pump(guess) 30
10ft pipe 80

unit total 288 in3



Loop VolumesLoop Volumes

APDs & manifolds on detector top:

3 pipes x 13.4 ft x 8.26 in3 per foot 332 
+  (32 x 3 in3 per APD module ) +   96

1 loop pipes & APDs for 2block section  = 428 in3

For loop 8 double blocks long, 8 x 428 3424
+Pump unit volume + 288

volume of 1 top loop  = 3712 in3

APDs & manifolds on detector sides:

4 pipes x 13.4 ft x 8.26 in3 per foot 443
+ ( 30 x 3 in3 per APD module ) +  90

1 loop pipes & APDs for 2block section = 533 in3

For loop 8 double blocks long, 8 x 533 4264
+ pump unit volume +  288

Volume of 1 side loop =4552 in3



Estimated Manifold WeightsEstimated Manifold Weights

Pipes:
Sched 80 1in pipe weight, 0.424 lb/ft
water @ 0.0361 lb/in3 x 8.26 in3/ft +0.298 lb/ft

1in pipe & water =0.722 lb/ft

Hoses, disconnects, & water:
2 x 1.5 ft hose & disconnects for
each APD module, assume    0.5 lb

Top manifolds(wet):
3 pipes x 13.4ft x 0.722 lb/ft 29 lb
32 APD modules x 0.5 lb 16 lb
Top supply/return assembly =   45 lb, or 3.36 lb/ft tray load

Side manifolds(wet):
2 pipes x 13.4ft x 0.722 lb/ft 20 lb
15 APD modules x 0.5 lb 7.5 lb
Side supply return assembly =   27.5 lb, or 2 lb/ft tray load



Cooling Weight per Grating SectionCooling Weight per Grating Section

Top loops:
12 APD rows x 45 lb per supply/return assembly 540 lb

Side loops:
24 APD rows x 27.5 lb per supply/return assembly +  660 lb

Total wet pipe & hose weight per section = 1200 lb

Additional weight at chilled water zone headers:
24 loops x 75 lb per pump unit = 1800 lb
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PUMP

Reservoir

Primary
10degC Chill
Water

Level
Switch

Temp
Probes

Pump Unit & InstrumentationPump Unit & Instrumentation

Remote I/O System

RS 485, E-NET

Motor
Starter

Secondary
15 degC Water 
to APDs

24VDC
PWR

120 VAC

Optional valve for 
control of secondary
water temperaturePump Confirm

Pump Control

FLOW
METER

Pulse
0 -200

hz



Remote I/O
for Pump Units
Remote I/O
for Pump Units

ADAM 5000 Series from Advantech America
looks like a good candidate:

ADAM 5000/485 4 slot rack $ 350
ADAM 5013 3 channel RTD module 80
ADAM 5080 4 channel counter/freq module 225
ADAM 5080 discrete 8 input / 8 output module 100

subtotal $  755
less 20% qty discount (151)

our price each $  604

http://www.advantech.com
Phone: 800 205 7940



Remote I/O Network (for pumps)Remote I/O Network (for pumps)

Computer 
OPC Server

Repeater Repeater Repeater

ADAM
5000

ADAM
5000
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24 RIO racks
per zone 

Ethernet

RS485 multidrop



Pump Unit Cost EstimatePump Unit Cost Estimate

: 

1 Remote I/O Unit (Advantech Adam 5000) $   600 $     600
1 Pump 1/6 hp $   200 $     200
1 Motor Starter $   120 $     120
1 Heat Exchanger (~LytronLL520) $   200 $     200
1 Fluid Reservoir $     50 $      50
1 Fluid level switch(float, capacitive, other) $     80 $      80
2 Temp probes, RTD in welded SS fitting $     50 $    100
1 Flowmeter (~Proteus 06008BN14) $   180 $    180
1 24 VDC Power Supply $     80 $      80
1 enclosure $   200 $    200

x Misc pipe, wire, cable $  100 $    100
40 man-hours assembly: $    50 $   2000

Total $   3910



New Top Loop Cost EstimateNew Top Loop Cost Estimate

Cost estimate for average loop on top of detector: 

14.67 Top(32 tap) manifold assembly $   780 $ 11440
1 Pump & Instrumentation Unit $ 3910 $   3910
x Misc pipe, wire, cable $   100 $     100
24 man-hours assembly: 

mount 14.67 manifold sections 
make ~234 quick connects
mount & connect pump unit & other components
install wire duct, field wiring, fill, test etc. $    50 $   1200

single loop subtotal $ 16650



New Side Loop Cost EstimateNew Side Loop Cost Estimate

Cost estimate for average loop on side of detector:

29.33 Side(16 tap) manifold assembly $ 580 $ 17013
1 Pump & Instrumentation Unit $ 3910 $   3910
x Misc pipe, wire, cable $   100 $     100
30 man-hours assembly: 

mount 29.33 manifold sections 
make ~234 quick connects
mount & connect pump & other components
install wire duct, field wiring, fill, test etc. $     50 $   1500

Single loop subtotal = $ 21523



Total Cooling Loop Cost EstimateTotal Cooling Loop Cost Estimate

36 Loops, Detector Top $ 16650ea $  599400

36 Loops, Detector Sides $ 21523ea $  774828

Grand Total  = $1,374,228



Old Loop Cost EstimateOld Loop Cost Estimate

SWAG cost estimate for loops on detector top, side loops a bit lower: 

1 Pump 1/25hp bronze cast $ 150 $    150

1 Heat Exchanger (~LytronLL520) $ 200 $     200

16 Top manifold assembly $ 830 $ 13280

1 Fluid Reservoir $   50 $      50

1 Fluid level switch(float, capacitive, other) $    80 $      80

2 Temp probes, RTD in welded SS fitting $    50 $    100

1 Flow switch (~Omega FST-211-SPST ) $  160 $    160

1 enclosure $  200 $    200

6 Remote I/O channels(2 temp, 1flow, 

1 level, 1 pump status, 1 pump control) $  200 $   1200

x Misc pipe, wire, cable $  100 $    100

24 man-hours assembly: 

mount 8 manifold sections 

make 512 quick connects

mount & connect pump & other components

install wire duct, field wiring, fill, test etc. $    50 $   1200

Total $ 16720



Use Macroflow?Use Macroflow?
Innovative Research, Inc.
3025 Harbor Lane N, Suite 300
Plymouth, MN 55447, USA
Tel:(763) 519-0105



SuperBrute BrochureSuperBrute Brochure



1/4 hp Pump Data1/4 hp Pump Data



1/6 hp pump data1/6 hp pump data



1/25 hp pump data1/25 hp pump data


